Abstract. T lymphoma invasion and metastasis 1 (Tiam1) is a guanine nucleotide exchange factor (GNEF) family member, and is considered to be involved in many important cellular processes and oncogenesis. In this study, we investigated Tiam1 expression differences between normal tissue and malignant tissue using tissue microarray (TMA), and further studied the Tiam1 mRNA and protein level in 9 hepatoma lines. Fortynine tumor tissue and 47 normal tissue samples were detected via TMA by immunohistochemistry with polyclonal antibody. Tiam1 expression in 9 human hepatoma cell lines, namely Huh-7, HepG2, Hep3B, SMMC-7721, QGy-7701, QGy-7703, BEL-7402, BEL-7404 and BEL-7405, and 1 normal primary human hepatocyte, HL-7702, was compared by means of fluorescence quantitative PCR, immunocytochemistry assay and Western blotting. We found that Tiam1 was significantly expressed in various malignancies. Tiam1 mRNA and protein levels were significantly elevated in the 9 human hepatoma cell lines compared to the normal primary human hepatocyte. Our results suggest that Tiam1 overexpression in malignant neoplasms could be a novel effective supplementary biomarker for tumors, including hepatocellular carcinoma.
Introduction
T lymphoma invasion and metastasis 1 (Tiam1) gene, located on human chromosome 21 or murine chromosome 16, is a member of the guanine nucleotide exchange factor (GNEF) family and has been found to be an important gene contributing to cellular functions, such as cell adhersion, immigration, invasion and metastasis (1) . It contains several important structures which can specifically activate Rho GTPase family member Rac1 in vivo and in vitro, and is thus closely involved in tumor invasion and metastasis. It has previously been reported that Tiam1 is highly expressed in T lymphoma, B lymphoma, pancreatic carcinoma, breast, bladder and lung carcinoma (2) . However, a relatively comprehensive study as regards its expression in normal and tumor tissues has yet to be published. There have also been no reports regarding Tiam1 gene or protein expression in hepatoma. The cellular localization of Tiam1 in normal and tumor tissues is currently unclear. In this study, we detected the localization and expression of Tiam1 in both normal and tumor tissues with immunochemistry and tissue microarray (TMA), and analyzed the expression pattern of Tiam1 as well as its potential of being a tumor biomarker. According to the acquired results, we particularly investigated the expression of Tiam1 in hepatoma.
Materials and methods
Tissue samples. Paraffin-embedded tissue blocks from 2002 to 2007 were collected to construct TMAs obtained from the Southern hospital (Guangzhou, China), including 49 tumor tissue samples (from 34 male and 15 female patients) and 47 normal tissue samples (from 32 male and 15 female patients). Patient age range was 15-83 years (median 54). None of the patients had undergone any chemotherapy or radiotherapy prior to surgical resection. All tissues were fixed with 10% neutral formalin and imbedded in paraffin.
Cell lines. The human hepatoma cell lines, Huh-7, HepG2, Hep3B, SMMC-7721, QGy-7701, QGy-7703, BEL-7402, BEL-7404 and BEL-7405, and the normal primary human hepatocyte, HL-7702, were obtained from the Academia
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Sinica Type Culture Collection (Shanghai, China) and cultured as recommended.
Tissue microarray. Briefly, we observed the morphology of H&E-stained sections, which were made from each donor block, and marked representative tissue regions. Tissue cylinders (0.6 mm in diameter) were then punched from the region of the donor block and placed into the recipient orifice. In total, the TMAs were composed of 192 tissue cores. The TMA blocks were cut into 4-µm sections that were transferred to glass slides and kept at 4˚C. Sections from the TMA block were used for immunohistochemistry. The following human TMAs were included in this study: nasopharyngeal (squamous carcinoma), lung (squamous carcinoma and adenocarcinoma), esophagus (squamous carcinoma and adenocarcinoma), gastric (adenocarcinoma), colon (adenocarcinoma), rectal (adenocarcinoma), hepatoma, pancreatic (adenocarcinoma), breast (adenocarcinoma), renal cell cancer, cervix (adenocarcinoma), ovarian (adenocarcinoma), prostatic (adenocarcinoma), brain (neurogliocytoma), skin (squamous carcinoma), diffuse large B cell lymphoma and non-neoplastic tissues from a variety of 18 organs.
Immunochemistry assay. For immunochemistry, the sections were dried at 65˚C for 2-4 h, then deparaffinized and rehydrated. Heated-induced epitope retrieval was carried out in 0.01 M, pH 6.0 sodium citrate buffer in a microwave oven for 20 min. Endogenous peroxidase activity was blocked with 0.3% H 2 O 2 methanol. Normal goat serum (5%) was used to block non-specific staining. Incubation with primary antibody (rabbit anti-Tiam1; Santa Cruz Biotechnology) (1:100) was performed at 4˚C overnight. After incubation with biotinylated secondary antiserum, the slide-mounted sections were stained with 3,3'-diaminobenzidine tetrahydrochloride and counterstained with hematoxylin. As described by Engers et al (9) , staining intensity scaled from 0 (no staining) to 3 (strong staining), and staining extent scaled from 0 (0%) to 4 (80-100%). Immunoreactive scores were calculated by multiplying staining intensity score times staining extent score and divided into four groups: (-), 0-1; (+), 2-4; (++), 5-7; (+++), 8-12; (-) and (+) were considered as low expression, while (++) and (+++) were high expression.
Immunocytochemistry assay. The S-P immunohistochemistry method was used to detect the expression of Tiam1 in human hepatoma cell lines and normal primary hepatocytes with SP-9000 Histostain™-Plus kits according to the manufacturer's instructions. Serial cells were fixed in 90% ethyl alcohol for 10 min and incubated sequentially with 3% H 2 O 2 for 10 min, normal goat serum for 10 min at room temperature, primary antibody (Tiam1 1:120; Santa Cruz Biotechnology) overnight at 4˚C, biotintylated secondary antibody (1:200; Santa Cruz Biotechnology) at 37˚C for 30 min and avidinbiotin horseradish peroxidase for 10 min, and reacted with 3,3'-diaminobenzidine for 3-10 min.
Western blotting. The cells were washed twice with cold phosphate-buffered saline (PBS) and then lysed on ice in RIPA buffer [1X PBS, 1% NP40, 0.1% sodium dodecylsulfate (SDS), 5 mM EDTA, 0.5% sodium deoxycholate and 1 mM sodium orthovanadate with protease inhibitors. Protein samples were resolved in 6% SDS polyacrylamide gel, electrotransferred to polyvinylidene fluoride membranes and blocked in 5% non-fat dry milk in Tris-buffered saline, pH 7.5 (100 mM NaCl, 50 mM Tris and 0.1% Tween-20). Membranes were immunoblotted overnight at 4˚C with anti-Tiam1 antibody and anti-β-actin antibody (Santa Cruz Biotechnology), followed by their respective horseradish peroxidase-conjugated secondary antibody. Detection was performed by using an enhanced chemiluminescence kit (Sino-American Biotechnology).
Fluorescence quantitative PCR. In brief, total RNA was extracted using the TRizol Reagent (Invitrogen) and reversetranscribed using the reverse transcription system (Takara) according to the manufacturer's instructions. Quantitative PCR analysis was performed with the Mx3000P™ real-time PCR system (Stratagene) and SYBR-Green kit (Takara). The following pairs of primes were used: 5'-AAGACGTACTCAGGC CATGTCC-3' and 5'-GACCCAAATGTCGCAGTCAG-3' for TIAM1; 5'-AAGACGTACTCAGGCCATGTCC-3' and 5'-AC TCGTCATACTCCTGCTT-3' for β-actin, which served as the internal control. The reaction was carried out in a 20 µl volume containing 0. 
Results

Tiam1 protein expression in normal and tumor tissues.
Eighteen types of normal tissues and 19 types of tumor tissues were included in this study. Generally, Tiam1 protein expression could not be observed in mammary gland fibrous tissue, pancreatic and hepatic tissue, while the other 15 normal tissues showed positive protein expression of different levels. Weak staining was observed in parts of the cells in the nasal epipharynx, lung, bladder, cervix, ovaries, lymph glands, skin and brain tissues. Weak or moderate staining was observed in parts of the cells in the membrane mucosa and fibrous smooth muscle tissues of the esophagus, stomach, colon and rectum. In the hyperplastic prostate gland, moderate staining was observed in the glandular epithelium, whereas diffused strong staining was seen in the proliferative smooth muscle. In the kidney distal convoluted tubule, strong staining of Tiam1 was observed in the epithelial and vessel wall smooth muscle cells (Fig. 1) .
As regards tumor tissues, strong staining was observed in hepatoma, nasopharyngeal carcinoma, breast cancer, lung squamous carcinoma, lung adencarcinoma, colon carcinoma, rectal cancer, prostatic carcinoma, ovarian cancer and diffuse large B cell lymphoma cells. Weak staining was observed in esophageal carcinoma, gastric carcinoma, pancreatic cancer, suprarenal epithelioma, transitional cell carcinoma of the bladder, cervical cancer, pancreatic cancer, brain neurogliocytoma and cutaneous squamous cancer. In addition, we found weak or moderate staining of Tiam1 in para-carcinoma liver sclerotic tissue and in proliferative liver interstitium (Fig. 2) . Thus, hepatoma was chosen for further investigation.
Tiam1 expression in hepatoma cell lines. In immunocytochemistry assay, we defined buffy granules on the cell membrane or cytoplasm as Tiam1-positive expression, and no granules on the cell membrane or cytoplasm as Tiam1-negative expression. Significant Tiam1 expression was observed in the 9 hepatoma cell lines, but not in the normal primary human hepatocyte, HL-7702 (Fig. 3) .
Tiam1 protein and mRNA levels were detected by Western blotting and qRT-PCR (Figs. 4 and 5) in 9 human hepatocellular carcinoma cell lines and 1 normal hepatocyte. Of the 10 cell lines, the expression of Tiam1 in the 9 hepatoma cell lines was significantly higher than in the normal hepatocyte.
Discussion
The Tiam1 gene, first identified from murine T lymphoma cells, is a member of the GNEF family which plays a significant role in modulating the activities of Rho-like proteins in many cellular processes, such as cellular migration, invasion and adhesion (3). The Tiam1 protein with a length of 1591 amino acids comprises one Db1 homology (DH) domain, two Pleckstrin homology (PH) domains, one myristylation site, two PEST domains, one coiled-coil (CC) domain, one Dlg homologous region (DHR) and one undefined region (EX) (3) (4) (5) . The DH domain is catalyzes the activation of guanine nucleotide-dissociation stimulator (GDS) activity toward the Ras or Rho subfamily, whereas the PH domain is thought to mediate protein-protein interactions and is required for the biological functions of DH (6,7). The PH domain forms a complex with the CC and EX domain, which together determine the membrane localization and part of the biological function of Tiam1 (5).
Habets et al found that Tiam1 transcripts were expressed not only in tumor cell lines of various origin, including B and T lymphomas, neuroblastoma and melanoma, but also in most normal tissues at different levels (2). Qi et al revealed a connection between Tiam1 overexpression and nasopha- ryngeal carcinoma. Elevated levels of Tiam1 expression have been correlated with lower disease-free and overall survival rates (8) . Tiam1 has also been found to be significantly overexpressed in prostate carcinoma as well as pre-neoplastic high-grade prostatic intra-epithelial neoplasia lesions, and to be a negative predictor (9) . Our previous study and those of others support the perspective that increased Tiam1 expression correlates with increased migration, invasion, adhesion and tumor progression properties of breast (10), colorectal (11, 12) and renal cell carcinomas (13) . Although many studies have been carried out to examine the expression pattern of Tiam1, they have failed to present a comprehensive view of the gene expression profile with uniform criteria. To investigate further the physiological and pathological function of Tiam1, we first utilized a high throughput method (TMA) to systematically analyze the expression of Tiam1 in common tumor tissues and normal tissues. Consistent with previous reports, we found that Tiam1 was expressed ubiquitously in most adult tissues, but was more highly expressed in tissues with stong proliferation and multiplication capacities as well as in all analyzed tumor tissues. These results support the mainstream view that Tiam1 is closely related to the cellular proliferation and multiplication process and oncogenesis.
Tiam1, as a member of the GEFs family, activates scaffold protein IB2/JIP2 for the p38 mitogen-activated protein kinase cascade (14) , as well as the scaffold spinophilin which promotes p70 S6 kinase activation (15) . Activation of Rac by Tiam1 also promotes the adhesion and migration of Madin-Darby canine kidney cells (16, 17) , while Tiam1 defects impair keratinocyte migration and reepithelialization by inhibiting α3β1-mediated laminin-5 deposition (18), enable cells to escape the mitotic arrest and transit more slowly, and facilitate chromosome congression errors (19) . Cross-talks were found between Tiam1-Rac1 and the canonical Wnt-signaling pathways which result in Wnt target gene transcription enhancement (20, 21) . Besides being associated with Par, Tiam1 forms a complex to control distinct forms of cellular polarity in different biological contexts (22) . Src-mediated epithelial-mesenchymal transition requires Tiam1 phosphorylation and degradation following cell motility (23) 
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to the development of Ras-induced skin tumors initiated with carcinogenic chemicals. Tumors produced in Tiam1-deficient mice grew much slower than those in wild-type mice.
Transfection of SP1 cells with Tiam1 cDNA promotes the binding of Tiam1 to CD44v3 and up-regulates HA/CD44v3-mediated breast tumor migration (24) , Also, Tiam1 deficiency impairs c-neu-induced mammary tumor formation in mice (25) . The knock-down of Tiam1 results in reduced growth potential and adhesion abilities of human colorectal cancer cells (20) . As shown in our results, the preferential overexpression of Tiam1 in malignant tumors suggests that Tiam1 is a significant tumor biomarker. Inhibitors targeting Tiam1 would have crucial therapeutic potential for the treatment of cancers. A novel small-molecule compound NSC23766 could effectively hinder the Rac1 binding and activation by Tiam1, and could thus impair the proliferation, anchorage-independent growth and invasion phenotypes. However, further investigation is required in order to confirm its pharmaceutical significance in applications (26) . Furthermore, we studied 3 surgical specimens of hepatoma. Compared to Tiam1 protein highly-expressing hepatoma tissue, para-carcinoma liver sclerotic tissue and proliferative interstitial tissue expressed Tiam1 in significantly weaker intensities and to a lesser extent. Moreover, parts of the cells in hyperplastic and degenerative hepatic tissue expressed Tiam1 positively, while normal hepatic tissue did not. These significant expression differences suggest that Tiam1 may serve a crucial role in the carcinogenesis and development of hepatoma. The specific mechanism invovled is worthy of further investigation. Detection of Tiam1 protein expression using the immunohistochemistry method would have diagnostic potential for the identification of hepatocellular carcinoma. Fluorescence quantitative PCR showed that differences in Tiam1 expression between the 9 hepatoma cell lines and a normal primary human hepatocyte were significant. Immunocytochemistry detection revealed a pattern of Tiam1 protein expression which was positive in both the membrane and cytoplasm of hepatoma cells. Data obtained from our laboratory has proven that Tiam1 is a prognostic marker for hepatocellular carcinoma (27) . We therefore conclude that Tiam1, expressed in a broad range of malignancies, could be used as a potential target for the diagnosis and therapy of tumors, especially hepatoma. However, further studies are required in order to elucidate other signaling pathways involved in the the effect of Tiam1. However, as with other cancers (for example, K-Ras in colon tumor, EGFR in lung cancer), only a subset of hepatocellular carcinomas overexpress Tiam1. In addition, studies concentrating on the minimally invasive detection of other forms of Tiam1 expression in peripheral blood would be of great interest.
